The present study analyzed the length-weight relationship and some aspects of the reproductive biology of Anableps anableps from the mouth of the Maracanã River, in the Brazilian state of Pará. The specimens were collected using two 30 m-long gillnets with 15 and 20 mm mesh size, as well as a 1 m-diameter hand net with a 10 mm mesh. A total of 865 specimens were collected, from which an adult sex ratio of 2.12 females per male was recorded (χ² = 13.07; p<0.05). Females presented positively allometric growth, whereas males were negatively allometric. In the additional analyses, the gonads of 371 female specimens were observed microscopically. Gonadal development was classified in three stages: immature (5.0%), maturing (12.0%), and mature (83.0%). Embryonic development was classified in five phases, according to the size of the embryo and the vitelline sac. Mean fecundity was 12 eggs/embryos per female (range: 1-37 eggs/embryos). A significant relationship was recorded between the standard length of females and ovaries weight (R² = 0.257; p < 0.001), and the number of embryos carried (R² = 0.573; p < 0.001). Mean body length of females at initial sexual maturation (L 50 ) was estimated at 11.7 cm. The species reproduced throughout the year.
Introduction
The genus Anableps encompasses three species: Anableps anableps (Linnaeus, 1758), A. dowi Gill, 1861, and A. microlepis Müller & Troschel, 1844 , which range from Central America to northern South America, with A. dowi being restricted to the Pacific Ocean (Miller, 1979) .
The members of this genus are the largest viviparous fishes of the order Cyprinodontiformes, with body lengths of up to 35 cm (Burns & Flores, 1981) . These animals are also characterized by their prominent eyes, which are divided horizontally by an opaque membrane, with each half having its own retina, hence the common English name "four-eyed" fish. This ocular structure permits the simultaneous surveillance of both the aquatic and aerial environments, permitting the efficient exploration of shallow and shoreline habitats (Miller, 1979; Oliveira et al., 2006) .
A number of studies have focused on the ocular physiology of these species (Schwassmann & Kruger, 1965; Oliveira et al., 2006) , although few data are available on their ecology or general biology. However, studies of feeding ecology have been conducted in the Pacific, where Miller (1979) focused on all three Anableps species, and in Brazil, on A. anableps (Brenner & Krumme, 2007) . In addition, some population parameters, such as the weight-length relationship, and variation in the condition factor and the sex ratio, have been analyzed in Brazilian A. anableps in Maranhão (Ribeiro & Castro, 2003) , and in the Curuçá estuary, in Pará (Ikeda et al., 2005) . The reproductive biology of the species has been the subject of a number of studies in Central America. Turner (1938) described the adaptations of the ovaries and embryos of A. anableps for viviparity, while Burns & Flores (1981) studied the reproductive biology of A. dowi in El Salvador. Knight et al. (1985) conducted a more general study of the follicular placenta and embryo growth in Anableps, and Burns (1991) described the development of the testes and gonopods of the males of A. dowi in the El Tamarino estuary. In Brazil, the only study available is the one of Nascimento & Assunção (2008) , who analyzed the reproductive ecology of A. anableps and A. microlepis on Marajó Island in Pará. However, none of these studies of the reproductive biology of A. anableps has focused on features such as body size at sexual maturity, female investment in reproduction, the relationship between size and the sex ratio, the polyphasic weight-length relationship, or between-sexes variation in the condition factor.
Anableps anableps is a typical resident of estuarine environments, and according with Carvalho-Neta & Castro (2008) the whole of the biological cycle of the speciesreproduction, growth, and feeding -occurs within estuarine habitats. Even though A. anableps is relatively abundant in the region of the Amazon Estuary, and can be differentiated from other fish species by its distinct behavior, few studies of its biology or ecology have been conducted in this environment. Given this, the present study describes important aspects of the reproductive biology of the species in the mouth of the Maracanã River in Pará. This study focused on sex ratio, weight-length relationship, and the condition factor in males and females, as well as embryo development, mean fecundity, size at initial gonadal maturity, and the breeding season.
Material and Methods
The A. anableps specimens analyzed in the present study were collected from the mouth of the Maracanã River, in the Brazilian state of Pará (00º46'03"S, 47º27'12"W), east of the estuary of the Amazon (Fig. 1) . The region's climate is equatorial hot and humid, or category Af in Köppen's classification, with mean temperatures of around 27ºC. Annual precipitation is approximately 2000 mm, distributed mainly in the first half of the year (Costa et al., 2009) .
The Maracanã is a meandering river with a number of tributaries, the largest of which is the Caripi River, on its western bank. The main channel of the Maracanã varies in depth from 15 to 20 m (Costa et al., 2009) , and reaches its highest levels between April and February, and its lowest in September and October (Costa et al., 2009) . During the present study period (2009), salinity concentrations varied between 5‰ and 35‰.
Specimens were collected each month between September, 2008 and August, 2009 . Given the diurnal habits of the species, and its relative vulnerability at low tide, the collection of specimens was carried out during the diurnal low tide.
Specimens were captured using two 30 m-long gillnets with 15 mm and 20 mm meshes, and a 1 m-diameter hand net with a 10 mm mesh. For the analysis of the sex ratio, weight-length relationship, and the condition factor, the maximum possible number of specimens captured per month was analyzed. For all other analyses, monthly samples of ±30 individuals were used.
Following collection, all specimens were sexed, weighed and measured (standard length, L). Sexing was based on the presence of the gonopod, a modified anal fin, in the males (Turner, 1950) . Standard length was measured using a ruler with a precision of 0.5 cm. Specimens were weighed to the nearest 0.1 g using a digital scale. Gonads were weighed on an analytical scale with a precision of 0.001 g.
The gonads were removed through a longitudinal incision between the urogenital opening and the head. The gonads were weighed fresh, and then conserved in 10% formaldehyde for 24 hours, before being preserved in 70% ethanol.
Voucher specimens were deposited at the fish collection of the Museu Paraense Emílio Goeldi (MPEG 16581, MPEG 16582, MPEG 16583, MPEG 16584, MPEG 16585, MPEG 16586, MPEG 16751 e MPEG 16752) , in Belém, Pará State, Brazil.
The sex ratio (females to males) was calculated for each monthly sample, and its deviation from equality was tested using Chi-square (Sokal & Rohlf, 1981) , with Yates' correction.
The weight-length relationship was adjusted in order to identify possible differences between the sexes. This relationship was described for females and males using the equation W = a.L b , where W = total weight; L = standard length; a = coefficient of proportionality, and b = coefficient of allometry. The proportional residuals ([observed weight -expected weight]/observed weight) were then plotted in relation to length, in order to evaluate a possible trend for polyphasic growth (Bervian et al., 2006) . Proportional residuals were used instead absolute values in order to avoid bias derived from heterocedasticity. To test possible trends in the residuals, linear and polynomial regressions were applied between the residuals and standard lengths. When a trend was identified, a polyphasic weight-length relationship was applied following Bervian et al. (2006) :
where W = total weight; L = standard length; a 1 = coefficient of proportionality in phase 1; a 2 = coefficient of proportionality in phase 2; R sc = Stanza changing rate; P sc = Stanza changing point; b 1 = coefficient of allometry in phase 1, and b 2 = coefficient of allometry in phase 2. Adjustment of the equations was carried out in the Solver routine of Microsoft Office Excel ® 2007, with the adjusted model being based on the lowest sum of squared proportional residuals.
In addition, for each gender and growth Stanza, Student's t test was used to determine whether the "b" value recorded for each sex was significantly different from 3, at the 5% significance level (Zar, 1999 ). This analysis is based on the fact that, when b = 3, growth is isometric, i.e., length increases at the same rate as weight, whereas when b is significantly different from 3 (higher or lower), growth is allometric (weight and length change at different rates).
The allometric condition factor was estimated separately for each sex, based on the average coefficient of allometry (b), using the equation K= W/L b , where K = the condition factor; W = total weight; L = standard length, and b = the average coefficient of allometry for the weight-length relationship.
The different stages of gonadal maturation in the females were identified according to Vazzoler (1996) . The gonadosomatic index (GSI) was calculated for each female, in order to establish the gonadal maturation curve, and thus identify the breeding season. The index is given by GSI= GW/W x 100, where GSI = gonadosomatic index; GW = gonad weight, and W = total weight. The monthly variation in the GSI values was also tested using the Kruskal-Wallis analysis of variance, with α = 0.05. The developmental stages of the embryos collected during the study were also defined, based on the size of the embryo and the vitelline sac. The stages of embryonic development used here were adapted from the scheme proposed by Nascimento & Assunção (2008) and were illustrated using a Leica M205A digital camera and the LAS automounting program.
Fecundity was determined by the number of eggs and embryos counted per female each month. The relationship between the number of eggs/embryos recorded per female and its standard length was analyzed using a simple linear regression, in order to assess the influence of female size on reproductive investment. The log-transformed data for standard length and ovary weight were tested using an ANCOVA (α = 0.05), in which ovary weight was dependent on the months, and standard length was inserted as the covariable, with the null hypothesis that ovary weight was dependent on the month.
Mean size at first gonadal maturation (L 50 ) was estimated based on the frequency of reproductive and non-reproductive females in each 1 cm size class, according to the logistic
, where P = the proportion of reproductive individuals or adults in each size class; r = rate of change between non-reproductive and reproductive status; L = standard length (cm); L 50 = size at first maturation (cm).
The adjustment of the function and the estimate of the 95% confidence interval were obtained using the LevenbergMarquardt algorithm in the SPSS ® 17.5 program. The mean size at initial sexual maturation corresponds to the standard length at which 50% of the individuals are mature. 
Results
In all, 865 specimens of A. anableps were collected during the 12 months of the study. Of this total, 529 (61.16%) individuals were female, 249 (28.79%) male, and 87 (10.55%) juveniles, for which the sex could not be determined. The sex ratio for the study period as a whole was 2.12 females per male (χ² = 13.07; p<0.05). However, this ratio varied considerably during the course of the study, between a maximum of 7:1 in May, 2009, and a minimum of 1:1 in July, 2009 (Fig. 2) .
Mean standard length in the females was 18.5 cm, with a maximum of 24.5 cm, whereas in males, the mean length was 14.0 cm, and the maximum 18.5 cm (Fig. 3a) . Females weighed 80.0 g, on average, with a maximum recorded weight of 200.7 g, while males had an average weight of 31.3 g and a maximum of 69.7 g (Fig. 3b) .
The weight-length relationship in females (a = 0.00992; b = 3.097) indicates a pattern of positive allometric growth (t = 13.3; p<0.05) (Fig. 4a) . No significant trend in the proportional residuals was identified ( Fig. 4b ; p = 0.410), which confirms the adequacy of the regular weight-length relationship for the females.
By contrast, when the residuals of the weight-length relationship in males (Fig. 5a ) were plotted, a parabolic trend was identified (Fig. 5b) , which indicates that a simple, singlephase model is not an adequate for this sex (p = 0.00652). The estimated parameters for the polyphasic growth model (Table  1 ) identified a change in the growth pattern at a body length of 8.7 cm. Growth was negatively allometric in both phases, but the coefficient was greater in the first phase, i.e. body length < 8.7 cm (b 1 =2.79), in comparison with the second phase (b 2 =2.26). Following adjustment of the polyphasic model, an untrended residual pattern was identified (Fig.5c) , indicating the adequacy of the model.
The monthly variation in the allometric condition factor was similar in the two sexes, although the values for males were larger than those for females due to their lower values (Fig. 6) .
Reproductive parameters in females were adjusted from monthly samples of around 30 females (n=371), with standard lengths of between 4.5 cm and 27.0 cm. According to the gonadal stages identified, 83.0 % of the collected females were mature, 12.0% were maturing, and only 5.0% were immature. Mature females predominated throughout the study period, while immature individuals were consistently rare, except for July (Fig. 7) .
The standard length of adult females ranged from 11.9 cm to 27.0 cm, with a mean of 18.6 cm. Analysis of the monthly samples indicates that A. anableps reproduces throughout the year, given that mature females were collected in all months, and high gonadosomatic indices were also recorded in most samples (Fig. 8) . However, the gonadosomatic index varied significantly among months (H (11;36) = 31.180; p< 0.05), with significant differences being identified between July and September (p = 0.04), June and March (p = 0.04), and June and July (p = 0.0007). These differences may be related primarily to the increase in reproductive investment observed in July, when the largest number of immature individuals was recorded.
Five embryonic stages were identified (Table 2 ). All the embryos present in any given ovary were at the same stage of development, which suggests that superfetation is rare or absent in A. anableps. The largest embryo collected during the study had a total length of 57.6 mm, and a weight of 1.732 g.
Between one and 37 eggs or embryos were recorded per mature female (mean = 12). A significant relationship was found between the standard length of females and both the number of embryos (R² = 0.575; n= 231; p < 0.001) and ovary weight (R² = 0.234; n = 314; p< 0.001), which indicates a relationship between the size of a female and its investment in reproduction (Fig. 9) , as detected by the ANCOVA, which confirmed the lack of influence of the month on the investment of females in reproduction, with no significant monthly variation in (ln) gonad weight (F = 1.60; DF = 10; p = 0,102). However, there was a highly significant interaction between (ln) gonad weight and the (ln) standard length of the specimens (F = 321.09; DF = 1; p < 0.001).
No significant relationship was found between the number of stage V embryos and either their mean total length (R² = -0.303; n = 22; p = 0.007) or mean total weight (R² = -0.277; n = 22; p = 0.011) (Fig. 10) , which indicates that embryo size does not decrease as the number of embryos increases. Mean size (standard length) at first gonadal maturation (L 50 ) in females was estimated as 11.7 cm (11.3-12.1) and all of the females larger then 15 cm were classified as adult (Fig. 11) .
Discussion
The sex ratio recorded for A. anableps in the mouth of the Maracanã River was similar to that obtained by Brenner & Krumme (2007) in Caeté Bay, also in Pará State (2.2:1), but differed considerably from the ratio of 1:1 recorded at Marajó Island, in the mouth of the Amazon by Nascimento & Assunção (2008) . In fish, sex ratios may vary in accordance with a series of factors, such as mortality and population growth rates (Vazzoler, 1996) . As these factors may affect the two sexes differentially, shifts in the sex ratio may also represent an adaptation to the availability of dietary resources, leading to a predominance of females when food is abundant (Nikolsky, 1969) . This author also proposed that deviations in the sex ratio could be the product of the selective collection of specimens, where males and females occupy different habitats.
Seasonal variation in the sex ratio has been recorded for other cyprinodontiforms, such as Phallotorynus pankalos in the basin of the Paraná River (Súarez et al., 2009) , where, once again, a predominance of females was recorded. A similar preponderance of females was recorded in Jenynsia multidentada from the Patos Lagoon in Rio Grande do Sul by Garcia et al. (2004) and Mai et al. (2007) . These authors suggested that this deviation may be the result of asymmetric predation due to the unusual reproductive behavior of the species, in which the males spend the majority of their time pursuing females, thereby increasing their vulnerability to predation.
The b values recorded for the weight-length relationship in the females collected in the present study are different from those recorded by Ribeiro & Castro (2003) and Brenner & Krummer (2007) , who found values significantly lower than 3 -i.e., negative allometric growth -in both males and females. Agostinho (1985) has proposed that the coefficients of the length-weight relationship are affected by several factors such as gender, reproductive status, age, level of parasitic infestation, food availability, and the study site or population. Despite their high investment of energy in reproduction, no change in the weight-length growth pattern was identified in females. By contrast, a polyphasic growth pattern was observed in the males. In the first phase, growth presents negative allomety (b = 2.79), with length increasing at a higher rate than weight, which may reflect the need to attain a minimal length rapidly in order to compete for access to females. At standard lengths above 8.7 cm, the allometric constant decreases further (2.26), suggesting the diversion of energy from weight gain to other processes, such as reproduction.
The low K values obtained for the female A. anableps throughout the study period may be related to the constant need to divert energy to the growth of the embryos, which are nurtured by the mother throughout their development (Knight et al., 1985; Oliveira et al., pers. comm.) . This finding is supported by a number of studies, which have demonstrated a positive correlation between the buildup of body fat and the condition factor in fish, in addition to a close relationship (positive or negative) between gonad development and seasonal variation in the K value in these animals (Gomiero & Braga, 2003; Braun & Fontoura, 2004) .
The positive relationship recorded between female size and reproductive investment is similar to that recorded for A. dowi in El Salvador (Burns & Flores, 1981) , where the number of embryos also varied according to the size of the female. A similar pattern has also been recorded in P. pankalos (Súarez et al., 2009) , and J. multidentata (Mai et al., 2007) . A positive correlation between female size and the number of embryos has been recorded in a large number of studies of the reproductive biology of fish, given that larger females are able to assign more energy to the development of their offspring (Mai et al., 2007) .
The positive relationship observed between the number of embryos in later developmental stages and their weight and length indicates that an increase in the number of embryos entails a reduction in their size. Súarez et al. (2009) propose that the increase in fecundity resulting from that in female size will lower the probability of survival of the females, if the size of the embryos is not reduced.
The five-stage classification of embryonic development in A. anableps presented here differs from that of Turner (1938) , which identified eight stages, based on the histological traits of the bulbs (structures in the vitelline sac that play a role in the absorption of nutrients). By contrast, Nascimento & Assunção (2008) identified only four developmental stages in the embryos of A. anableps and A. microlepis, based on the external characteristics of the egg, the size of the embryo and the vitelline sac. In the present study, the classification was based on just two parameters, the size of the embryo and the vitelline sac, following Nascimento & Assunção (2008) , due to the fact that these traits are easily observed, can be measured reliably, and provide a clear definition of the different stages of embryonic development.
The fact that all the embryos found in a given ovary were at the same stage of development suggests that superfetation is uncommon in A. anableps. A similar pattern was recorded in A. dowi from El Salvador by Burns & Flores (1981) . The largest embryo recorded in the present study (57.6 mm long and 1.732 g) was somewhat larger than that found in the Saramaca River in Surinam by Knight et al. (1985) , where the largest specimen was 51 mm long and weighed 1.49g. While this variation may be related to between-site differences in environmental variables such as the availability of food and predation rates -which may affect the size at which the embryos are liberated by the mother (Vazzoler, 1996) -they may also be the result of sampling effects.
The size of females at initial gonadal maturity has not been estimated in previous studies for Anableps species, which have all been based on the analysis of macroscopic traits. However, Ikeda et al. (2005) reported that the smallest pregnant female A. anableps collected in the estuary of the Caratateua River, Pará, had a total length of 14.9 cm, while body lengths recorded in the sample varied from 5 cm to 24 cm. Similarly, Nascimento & Assunção (2008) reported a mean length of 15.4 cm for adult female A. anableps from Marajó Island. Given this, the present estimate of the size of females at first sexual maturity (L 50 =11.7 cm) represents an important advance in the study of Anableps biology. Definition of this parameter is essential, not only for the development of management strategies, but also provides important insights into the population dynamics of a species (Begon & Mortimer, 1990) .
As in the present study, Anableps is known to reproduce throughout the year at other sites (Miller, 1979; Burns & Flores, 1981; Nascimento & Assunção, 2008) . However, Nascimento & Assunção (2008) report reproductive peaks in A. anableps and A. microlepis in January and October. While this differs from the results of the present study, these authors analyzed the monthly mean GSI values, while the present study was based on the analyis of the individual data.
The significant predominance of mature females in the present study suggests that the study area would be appropriate as a breeding area for the species. Population structure, in terms of the distribution of the different developmental phases, may vary across time and space (Vazzoler, 1996) , and while a predominance of juveniles may be typical of feeding areas, that of adults characterizes breeding grounds. While the present study represents an important contribution to the scientific knowledge of the reproductive biology of A. anableps, further macro-and microscopic studies of the gonads, and in particular, an analysis of the size of males at initial maturation, should be prioritized in order to provide a more complete understanding of the biology of the different Anableps species.
